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Nearly all industry-wide specifications for insulated wire
and cable pertaining to in-line spark testing require the grounding
or earthing of the conductors under test.  It is the purpose of this
discussion to examine the reasons for this and to define the
conditions which allow for a safe and effective spark test when
conductors are not grounded.  Although this testing mode cannot
be used to satisfy most industry specifications, it can be useful
when quality must be strictly monitored and conductor grounding
is inconvenient or impossible.

D-C spark testing

If a di rect po ten tial is used for spark test ing, it is ab so lutely
nec es sary to ground the con duc tor or con duc tors un der test.  In Fig. 
1, Cg rep re sents the ca paci tance of the prod uct to ground, which
could be in the range of 100 to 2,000 pi co far ads, de pend ing on the
size and length of the con duc tor.

If the con duc tor is not grounded, the po ten tial on the con duc -
tor with re spect to ground will rise when the first in su la tion fault
passes through the elec trode.  This is be cause Cg charges to wards
the D-C test po ten tial ap plied to the elec trode through the arc.

If the con duc tor is not grounded but is ini tially at ground po -
ten tial, when the first in su la tion de fect passes through the elec -
trode, an arc forms be tween the elec trode and the con duc tor.  The
cur rent flow ing through this arc charges ca paci tance Cg, ele vat ing
the po ten tial of the con duc tor by a value which is a func tion of arc
time du ra tion and the value of the cur rent.  Af ter the de fect or fault
has com pleted its pas sage through the elec trode, Cg re tains this ele -
vated po ten tial, since Cg has no dis charge path to ground.  The ef -
fec tive test po ten tial on the prod uct in su la tion is now re duced by
this re tained con duc tor po ten tial.  If a sec ond insu la tion flaw
traver ses the elec trode, addi tional charg ing of Cg takes place, fur -
ther reduc ing the effec tive test potential.   Even tu ally the ef fec tive
test po ten tial falls be low that re quired to cause an arc to oc cur on
the pas sage of an in su la tion flaw, and all sub se quent flaws will be
un de tected.  Usu ally, cur rent and tra verse time are large enough to
sully charge Cg on the pas sage of the first flaw, so it will be the only 
one de tected.

Fur ther more, the en tire length of prod uct is now charged to
the test po ten tial.  If the op era tor ac ci den tally comes into con tact

with the con duc tor or with a flawed insu la tion area any where along 
the wire line, Cg can dis charge through his body to ground.  If by
coin ci dence a faulted insu la tion area is within the elec trode, the
maxi mum cur rent out put of the spark tester can also pass through
his body.  While this cur rent , in the case of Clin ton spark test ers, is
well below a dan ger ous level, the invol un tary mus cu lar reac tion
result ing from this event can itself cause a sec on dary acci dent.

It is thus appar ent that from the dual stand points of util ity and 
safety the con duc tors of a prod uct being spark tested with a D-C
poten tial should be grounded.

A-C spark testing, general

If an A-C poten tial is used for the spark test, and the con duc -
tors are not grounded, the dia gram in Fig. 2 applies.

Note that the elec trode to prod uct capaci tance Ce is shown,
and that Ce and Cg com prise a volt age divider which de ter mines the 
A-C poten tial from con duc tors to ground, and also the effec tive
test poten tial applied across the prod uct insu la tion.

If Cg is very large com pared to Ce, Eeff is nearly equal to
Eapp.  For exam ple, if Ce = 5pf and Cg - 1000pf, 99.5% of the
applied test poten tial is impressed across the prod uct insu la tion.  If
Cg is 100pf, how ever, the effec tive test volt age drops to 95% of the
applied value.

Power mains fre quency test ing

When an insu la tion defect passes through the elec trode, the
arc which forms to the ungrounded con duc tor in effect con nects
the con duc tor to the elec trode.  If the spark tester oper ates at the
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mains fre quency, the ungrounded con duc tor will be ele vated to
nearly the full test poten tial.  If an opera tor comes into con tact with
a bare spot in the insu la tion at this time, cur rent can flow through
his body to ground.  The maxi mum value of this cur rent will be the
maxi mum out put level of the spark tester.  For Clin ton mains fre -
quency spark test ers this level is less than the “ let-go” thresh old
and is not dan ger ous in itself  How ever, as in the D-C case, the
event is unex pected and unpleas ant, and can lead to a sec on dary
acci dent.  From the stand point of flaw detec tion, the detec tor cir -
cuitry must dif fer en ti ate between nor mal elec trode cur rent and the
new level when the arc con nects Cg to the elec trode, which is a
small incre ment.  As in the D-C case, ground ing of the con duc tors
under test is a prac ti cal neces sity.

High Fre quency spark test ing

When the A-C test fre quency is increased to 3Khz, two dra -
matic changes occur.  First, because a short elec trode is used, the
capaci tance to the con duc tor Ce is kept small.  For a 2 in. elec trode
Ce might be typi cally 2 to 20pf, increas ing with the applied poten -
tial.  The other change is the low reac tance of Cg, which allows the
cur rent to be con ducted read ily to ground through a capaci tive path 
rather than by direct con nec tion.

The ratio of Cg /Ce is usu ally high, so that nearly all of the
applied test poten tial appears across the prod uct insu la tion.  When
an insu la tion flaw passes through the elec trode, cur rent drawn
from the spark tester increases sharply in this same ratio, sub ject to
the cur rent lim it ing char ac ter is tics of the test equip ment.  This

means that flaws can be detected relia bly.  If required, Cg can be
increased by pass ing a con sid er able length of the prod uct close to
the grounded sur face.

Although the maxi mum resis tive cur rent which can be deliv -
ered by a Clin ton 3Khz spark tester is well below the “let-go”
thresh old, a mild shock could still be expe ri enced if an opera tor
con tacts a bare spot on the prod uct while a sec ond defect is in the
elec trode.  For this rea son the entire line should be pro vided with
pro tec tive guards to pre vent this.

The ratio of Cg/Ce can be experi men tally deter mined by
meas ur ing Econd, the con duc tor to ground poten tial, with a high
imped ance A-C volt- meter or an oscil lo scope.

Sum mary

Spark test ing of ungrounded con duc tors is usu ally not per -
mit ted by industry- wide speci fi ca tions, and is unsat is fac tory in any 
event if D-C or A-C power mains fre quency test poten tials are
used.  A sat is fac tory test for qual ity con trol pur poses can be made
on ungrounded con duc tors at 3Khz, how ever, if proper pre cau tions 
are fol lowed.

Henry Clinton is president of Clinton Instrument Co., 
Clinton, CT.
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